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pH dependent ∆Gpbx of the photoanodes
Figure S1 shows the pH dependent ∆Gpbx at E=1.5 V vs RHE (all potentials are vs RHE in
the remainder of the text) and the decomposition products for all the photoanode materials
listed in Table 1.
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Fe-V oxide Physical Vapor Deposition library synthesis
The Fe-V oxide composition library was fabricated using reactive DCmagnetron co-sputtering
of Fe and V metal targets onto 100 mm-diameter, 2.2 mm-thick glass substrates with a Flu-
orine doped Tin oxide (FTO) coating (Tec7) in a sputter deposition system (Kurt J. Lesker,
PVD75) with 10−5 Pa base pressure. It was deposited as a metal thin ﬁlm under 0.80 Pa
Ar working pressure. The composition gradients in the co-sputtered continuous composition
spreads were attained by positioning the deposition sources in a non-confocal geometry. The
deposition proceeded for 30 mins with the power on the Fe and V source at 44 and 150 W,
respectively. The as-deposited composition library was subsequently placed ﬂat on a quartz
support and annealed in a Thermo Scientiﬁc box oven in ﬂowing air at 610 ◦C for 1 hour.
The annealing was preceded by a 2 hour temperature ramp and was followed by natural
cooling.
Phase identiﬁcation by X-ray diﬀraction (XRD)
The crystal structure and phase distribution of the composition library were determined
through XRD measurements using a Bruker DISCOVER D8 diﬀractometer with Cu Kα ra-
diation from a Bruker IµS source. The X-ray spot size was limited to a 1 mm length scale, over
which the composition is constant to within approximately 1 %. Diﬀraction images were col-
lected using a two-dimensional VÅNTEC-500 detector and integrated into one-dimensional
patterns using DIFFRAC.SUITETM EVA software. The PDF-4+2016 ICDD database was
used for phase matching.
The representative XRD patterns of two as-prepared and post-electrochemistry FeVO4
samples are shown in Figure S2. All the characteristic peaks in the as-prepared patterns are
indexed to the orthorhombic FeVO4 (PDF# 00-038-1372) except for the diﬀraction peaks
of SnO2 (red stick pattern, PDF# 04-003-0549) from FTO substrates. There is no change
in the bulk crystal structure of FeVO4 in both samples by the 15 minute electrochemical
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operation at pH 2.9 aqueous solution. Both post-electrochemistry patterns show the presence
of precipitated Na2SO4 electrolyte salt (green color stick pattern, PDF# 04-012-5048) from
the drying electrolyte solution on the sample surface. The patterns (top) remain largely
unchanged by operating under 0.8 V, while the patterns (bottom) show a substantial decrease
in signal intensity due to the large amount of Fe and V corroding away under 0.4 V, as
indicated by the corresponding as-prepared and post-electrochemistry X-ray ﬂuorescence
(XRF) spectra (see Figure 3 in main text).
Composition measurements by X-ray ﬂuorescence spec-
troscopy
XRF spectroscopy was employed to measure the thickness-averaged composition of phase
pure FeVO4 spots both as-prepared and post-electrochemistry experiments. XRF was per-
formed on an EDAX Orbis Micro-XRF system with an X-ray beam of approximately 2 mm
in diameter. Since the XRF sampling depth far exceeds the ﬁlm thickness, XRF counts for
each element were assumed to be proportional to the number of corresponding atoms present
in the coating, and the sensitivity factor for each element was calibrated using commercial
XRF calibration standards (MicromatterTM). The Tec7 glass substrate contains Fe (∼120
counts under the same measurement condition), however, the Fe counts from the glass cancel
out when calculating the etching rate of Fe over the 15 minute electrochemical operation.
Near-surface chemistry measurement by X-ray photoelec-
tron spectroscopy (XPS)
XPS measurements were performed to determine the near-surface chemistry for 1 as-prepared
and 6 post-electrochemistry samples using a Kratos Axis NOVA (Kratos Analytical, Manch-
ester, UK) with excitation from a monochromatized Al Kα (1486.6 eV) at 300 W (20 mA
3
at 15 kV). The measurement area was approximately 0.8 mm in diameter with a take-oﬀ
angle to the detector of 35.5◦. Pressure in the surface analysis chamber was low 10−7 Pa
during the measurements. Survey spectra were collected at pass energy 160 eV with a step
size of 0.5 eV, and high-resolution scans at pass energy 20 eV with a step size of 0.025 eV.
The measurements were performed without active charge neutralization, but no substantial
sample charging was observed.
Figure S3 shows the survey spectra (top) and high-resolution core level spectra (bottom)
of one as-prepared and six post-electrochemistry FeVO4 samples. The values of photoelectron
binding energy was calibrated to the C 1s peak position of 285 eV. All survey spectra conﬁrm
the presence of Fe, V, and O atoms. Survey spectrum of the sample polarized at 0.4 V
shows the signal of Sn from the FTO substrate indicating the substantial corrosion in this
potential as indicated by the XRF measurement. The presence of Sn+4 is also shown in
the high-resolution Fe 2p spectrum coincident with Sn 3p3/2 core level. Survey spectrum
of the sample polarized at 0.4 V vs RHE shows the signal of Sn from the FTO substrate
indicating the substantial corrosion in this potential as indicated by the XRF measurement.
The presence of Sn4+ is also shown in the high-resolution Fe 2p spectrum coincident with Sn
3p3/2 core level. Due to precipitation of the electrolyte salt, strong signals from electrolyte-
constituent elements Na, S, K, and P are apparent in the post-experiment survey spectrum.
The XRD-determined Na2SO4 coating whether it is uniform or sparse attenuates the XPS
signals from the sample surface, which obscures the surface composition quantiﬁcation except
for as-prepared sample. The near surface composition is determined in the CasaXPS software
by using the appropriate relative sensitivity factors of V 2p3/2 peak (1.414) and Fe 2p peak
(2.957). The atomic composition of Fe and V is approximately equal amount, consistent with
the stoichiometry of FeVO4. The Fe 2p and V 2p core level spectra of the as-prepared sample
are well matched to literature spectra1,2 of α-Fe2O3 and V2O5, indicating the oxidation state
of Fe and V to be 3+ and 5+, respectively. The binding energy O 1s of 530.2 eV corresponds
to the oxygen in the metal oxide FeVO4 phase.
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After the electrochemical operation, for samples polarized at or above 0.8 V, the Fe 2p
and V 2p spectra remain unchanged, revealing the same oxidation state of Fe3+ and V5+
as as-prepared sample. While the detailed analysis of the O 1s signal is hampered by the
Na2SO4 coating on the surface, the O 1s spectra consist two peaks: 530.2 eV corresponding
to the oxygen in the metal oxide; ∼532.3 eV corresponding to the (SO4)2 from Na2SO4. The
observation is commensurate with the theory predication of phase stability (no corrosion at
0.8 V) and passivation by Fe2O3 in this potential region.
The ﬁlms operated at -0.4 and 0 V contain low-valent V due to the broadness of the V
2p3/2 peak and the decrease in the binding energies.2 This is commensurate with the theory
prediction of passivation by V2O3 under these conditions. It is noted that one of the Na
KLL Auger peaks overlaps with V 2p1/2 peak which makes the area of V 2p1/2 peak greater
than that of V 2p3/2. The absence of the satellite peak and the clear shoulder founded at
the low binding energy side of the Fe 2p3/2 indicate the existence of the Fe3+ and Fe2+.1
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Figure S1: (Color online) The predicted decomposition products and ∆Gpbx at pH= 0 to
14 for a potential of 1.5 V vs RHE for materials #1-10 listed in Table 1 of the main text.
Figure continued on next page.
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Figure S1: (Color online) The predicted decomposition products and ∆Gpbx at pH= 0 to
14 for a potential of 1.5 V vs RHE for materials #11-20 listed in Table 1 of the main text.
Figure continued on next page.
7
0 2 4 6 8 10 12 14
5.5
5.6
5.7
5.8
5.9
mp-672-CdS
Cd
2+  +
 H
SO
4-
Cd
2+  +
 H
SO
4-
Cd
2+  +
 H
SO
4-
Cd
2+  +
 S
O 4
2-
Cd
2+  +
 S
O 4
2-
Cd
2+  +
 S
O 4
2-
Cd
2+  +
 S
O 4
2-
Cd
2+  +
 S
O 4
2-
Cd
2+  +
 S
O 4
2-
Cd
2+  +
 S
O 4
2-
Cd
(O
H)
2
(aq
) +
 S
O 4
2-
Cd
(O
H) 2
(aq
) +
 S
O 4
2-
Cd
(O
H)
2
(aq
) +
 S
O 4
2-
Cd
(O
H)
2
(aq
) +
 S
O 4
2-
Cd
O 2
2-  +
 S
O 4
2-
0 2 4 6 8 10 12 14
5.8
6
6.2
6.4
6.6
6.8
mp-2534-GaAs
H 3
As
O 4
(aq
) +
 G
a3
+
H 3
As
O 4
(aq
) +
 G
a3
+
H 3
As
O 4
(aq
) +
 G
a3
+
Ga
2
O 3
(s)
 +
 H 2
As
O 4
-
Ga
2
O 3
(s)
 +
 H 2
As
O 4
-
Ga
2
O 3
(s)
 +
 H 2
As
O 4
-
Ga
2
O 3
(s)
 +
 H 2
As
O 4
-
Ga
2
O 3
(s)
 +
 H
As
O 4
2-
Ga
2
O 3
(s)
 +
 H
As
O 4
2-
Ga
2
O 3
(s)
 +
 H
As
O 4
2-
Ga
2
O 3
(s)
 +
 H
As
O 4
2-
Ga
2
O 3
(s)
 +
 H
As
O 4
2-
Ga
2
O 3
(s)
 +
 A
sO
43
-
As
O 4
3-  +
 G
aO
33
- As
O 4
3-  +
 G
aO
33
-
0 2 4 6 8 10 12 14
7.8
8
8.2
8.4
mp-20351-InP
In
3+
 +
 H
3
PO
4
(aq
)
In
3+
 +
 H
3
PO
4
(aq
)
In
3+
 +
 H
3
PO
4
(aq
)
In
3+
 +
 H
2
PO
4-
In 2
O 3
(s)
 +
 H 2
PO
4-
In 2
O 3
(s)
 +
 H 2
PO
4-
In 2
O 3
(s)
 +
 H 2
PO
4-
In 2
O 3
(s)
 +
 H 2
PO
4-
In 2
O 3
(s)
 +
 H
PO
42
-
In 2
O 3
(s)
 +
 H
PO
42
-
In 2
O 3
(s)
 +
 H
PO
42
-
In 2
O 3
(s)
 +
 H
PO
42
-
In 2
O 3
(s)
 +
 H
PO
42
-
In 2
O 3
(s)
 +
 P
O 4
3-
In
O 2
-  +
 P
O 4
3-
0 2 4 6 8 10 12 14
7.8
8
8.2
8.4
8.6
8.8
mp-2490-GaP
H 3
PO
4
(aq
) +
 G
a
3+
H 3
PO
4
(aq
) +
 G
a
3+
H 3
PO
4
(aq
) +
 G
a
3+
Ga
2
O 3
(s)
 +
 H 2
PO
4-
Ga
2
O 3
(s)
 +
 H 2
PO
4-
Ga
2
O 3
(s)
 +
 H 2
PO
4-
Ga
2
O 3
(s)
 +
 H 2
PO
4-
Ga 2
O 3
(s)
 +
 H 2
PO
4-
Ga
2
O 3
(s)
 +
 H
PO
42
-
Ga
2
O 3
(s)
 +
 H
PO
42
-
Ga
2
O 3
(s)
 +
 H
PO
42
-
Ga
2
O 3
(s)
 +
 H
PO
42
-
Ga
2
O 3
(s)
 +
 H
PO
42
-
PO
43
-  +
 G
aO
33
-
PO
43
-  +
 G
aO
33
-
0 2 4 6 8 10 12 14
10.4
10.5
10.6
10.7
10.8
mp-149-Si
H 4
Si
O 4
(aq
)
H 4
Si
O 4
(aq
)
H 4
Si
O 4
(aq
)
H 4
Si
O 4
(aq
)
H 4
Si
O 4
(aq
)
H 4
Si
O 4
(aq
)
H 4
Si
O 4
(aq
)
H 4
Si
O 4
(aq
)
H 4
Si
O 4
(aq
)
H 4
Si
O 4
(aq
)
HS
i(O
H)
6-
HS
i(O
H)
6-
HS
i(O
H)
6-
HS
i(O
H)
6-
HS
i(O
H)
6-
pH
 (e
V
/a
to
m
)
Δ
G p
bx1.
5 
V
 v
s R
H
E
Figure S1: (Color online) The predicted decomposition products and ∆Gpbx at pH= 0 to 14
for a potential of 1.5 V vs RHE for materials #21-25 listed in Table 1 of the main text.
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Figure S2: (Color online) Representative XRD patterns of as-prepared (black, "pre") and
post-electrochemistry (red, "post") FeVO4 samples to characterize phase stability through
15 minute electrochemical operation at pH 2.9 under 0.8 V (top ﬁgure) and 0.4 V (bottom
ﬁgure) bias. The red stick pattern shows the strong signal from FTO layer. The blue stick
pattern is FeVO4 and the corresponding peaks in the XRD patterns show no change at 0.8 V
but substantial lowering of intensity at 0.4 V. The green stick pattern is the electrolyte salt,
demonstrating that all other changes in XRD signal are due to precipitation of electrolyte
after the electrochemical measurement.
9
Figure S3: (Color online) XPS spectra of pre- and post-electrochemistry FeVO4 samples.
(top) survey spectra, and high-resolution core-level spectra of (bottom left) C 1s and K 2p,
(bottom middle) V 2p and O 1s, and (bottom right) Fe 2p, respectively. The spectra were
oﬀset for clarity.
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